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NATIONAT, ADVISORY COMMITTEE FOR ABRRONAUTICS

TECHENICAL NOTE NO. 1206

IN-LINE ATRCRATT -ENGINE BEARING LOADS
- MATN-BEARING LOADS

By Milton C. Shaw and ®. Fred Macks

SUMMARY

Dimensional asnelysis has been applied to the computation
of the mwain bearing of a V-type In-line aircraft engine. Charts
are presented that give the maximum and mean bearing loads for the
center, intermediate, and end main bsarings at all values of engine
speed to 5000 rpm end at all values of indjcated mean effective

pressure to 500 pounds per square inch. Two crankshafts have been
considered, one deslgned for higher operating speed than the other.
The individuwal effects of changes in compression rabtio and in the
ratio of comnecting-rod length to crank throw upon the main-bearing
_loads are presented.

Optimum combinetions of sngine speed and indicated mean effsc-
tive pressure were found to exist for which the mean and maximum
main-bearing loads are minimums for a given power but such combina-
tions do not always lie in a practicable operating region. Polar
dlagrams of bearing loads are presented to show the extent of shock
load and the range of stress imposed upon the main bearings Ffor
several operating conditions.

INTRODUCTION

A general method of determining aircraft-engine bearing loads
at any combination of engine speed and indicated mean effective pres-
sure has been given in reference 1. This method has been applied to
determine the loads acting on the crankpin and blade bearings of a
V-type engine in references 1 and 2, respectively. The following
equation, relating the significant engine operating variables to
the load acting on any of the principal bearings of an aircraft
engine, 1s obtained by dimensional analysis:
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wherea
W bearing load, pounds

gtroke, inches

o

P indlcated mean effective pressure, pounds per square inch
9] some function . )

My recliprocating mess per crankpin, slugs

N engine speed, rym

MC . rotating mass per crankpin, slugs

dlameter of bore, inchos

length of connecting rod, inches

;é"U

manifold »ressure, pounds per square inch absolute

Py

6 crank sngle, degrees

r compression ratio e - = e e o
4 angle between cylinder center lines, degrees

If the indicated mean effective preossure 1ls assumed to be
proportional to the menirfold pressuie, equation (1) simplifies to
the following expression for a gilven engine: -

W=pQ'(%§ ) (2)

This, equation establishes the fact that, if W/p is plotted against

Nz/p at a constant value of crank angle, a amooth curve will be
obtained. Xquatiore (1) and (2) are applicable to the principal
bearings of Woth in-line and radisl engines.

In the present report, mean and maximum main-bearing lcads are
discusged under a wide range of operating conditions. Two crankshafts
of different design are investigated (fig. 1l): a B-counterweight
crankshaft, which will be referred to as "crankehaft A," and a
l2-counterweight crankshaft, deglgned for higher Opsrating speeds,
which will be referred to as "crankshaft B."
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Dimensions of a production V-typse engine are used to 1llustrate
the application of the generalized method to the computation of
main-bsaring loads. Before equation (2) can be applied and before
the computations can be generalized, the main-bearing loads for a
nvmber of representative engine operating conditions must be computed
to obtain values of W/p. These computations are made in the usual
manner (reference 3).

. CONVENTTONAL COMPUTATTION OF MATIN-EEARING LOADS
WITH CRANKSHAFT A

The symbols, conventlons, engine dimensions, power conditlons,
and method of analysis used in thils report are the same as those of
reference 1. Specifications for the V-type engine investigated herein
are given in the asppendix. A zero crank angle (6 = Q) refers to the
top~center position of cylinder 1T at the beginning of the expansion
stroke. A schematic diagram of a l2-cylinder V-type engine mechanlsm
is given in figure 2 and the crankshaft arrangement ls shown diagram- -~
matically in figure 3. B

The resultant main-bearing loads were obtained by the vector
addition of the crankpin loads and the centrifugal forces due to
the unbalanced weights of the crankpin and the crankcheeks. Each
crankpin load 1s assumed to be divided equally between its adJjacent
main bearings. The unbalanced weight of the crankshaft between
transverse ciankpin midsections is assumed to act upon the included
mein bearing. :

The method employed to obtain the unbalanced crankshaft welghts
is given In reference 4. Crankshaft A is symmetrical about the
center main bearing and the following values of unbalanced force
were found to act in the direction of the reference crankpins:

Main bearing 1 2 3 4 5° 6 7

Reference crankpin 1 2 3 - 4 5 6

Force due to unbalanced 338 336 336 0 336 336 336

crankshaft welght, S

1b x 10~Cx@

Center main bearing. - The resultant load acting on the center
mein bearing (bearing 4 in fig. 3) at any particular crank angle is -
obtained by the vector addition of one-half the adjacent crankpin
loads. The centrifugal force is zero inasmuch as counterbalancing
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is complete for this particular bearing. Figure ¢ illustrates the
method of vector addition for the center main bearing at a crank-
angle value of 2000, -

Polar diagrame of loads acting on the center main bearing with
respect to the engine axis are-shown in figure 5 in terms of crank-
angle degrees. :

Intermediate mwain bearings. - The resultant load acting on the
intermediate main bearings (bearings 2, 3, 5, and 6 in fig. 3) at
any particular crank angle is obtained by the vector addition of the
unbalanced centrifugal force acting along the crank-throw center line
and one=-helf of each of the adjacent crankpin loads. Figure 6 1llus-
trates the method of vector addition for main bearing 2 at a crank-
angle value of 209, . '

Because of the phase relstion of the pleston displacement and
the symmetry of the crankshaft, the polar dlagram for mein bearing 3
may be obtained from the dlagram for main bearing 2 by adding 240° to
each indicated value of crank angle. Thus the- configurations of these
two dlagrems are the same but the values of crank angle obtained at

gach point are different. - Similarly, the diagrems for mein besrings 5 -

and 6 may be obtained by adding 600° and 360°, respectively, to the
values appearing on the diagream for main bearing 2.

Polar diegrems, with respect to the engine axis, of the loeds
acting on the intermedlate main bearings are shovn in figure 7 in
terms of crank-angle degreesd.

End wmain bearings. - The resultant load acting on either end
main bearing (bearing l-or 7 in fig. 3) at any particular crank
angle 1s obtained by the vector addltion of the unbalanced centrif-
ugal force acting along the crank-throw center line and oneo-half of
the single adJjacent crankpin load. Figure 8 illustrates the method
of vector addition for main bearing 1l at a crank-sngle value of 20°.
The polaer dlagram for main bearing 7 mey be obtained from the dlagram
for main bearing 1 by adding 360° to esch indicated value of ‘crank
angle. )

Polar diagrams of the loade acting on the end main bearings,
with respect to the engine axis, are ghown in figure 9 in terms of
crank-angle degrees. .
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APPLICATION OF THE DIMENSIONATL-ANATYSTS METHOD

Generalized load charts for maximum loads on center mein bear-
ing with crenkghaft A. - The resultant forces on the center main
bearing shown in figure 5 uan be generalized by equation (2). If
W/p is plotted agalnst N /p for each of the six power conditions
considered and at constant values of crank angle, it ie found that
maximum values of W]b occur at crank-angls values of approximately
20° or 320°. These curves are shown in figure 10; additional points
wers computed in order to extend the curves beyond the region covered
by the six power conditions. The solid portion of sach curve corre-
sponds very_closeiy to the maximum value of W/p over the particular
range of N2/p concerned. All the plots of W/p against Né/p are
portions of kyperbolic-type curves, The solid porticons of both curves
of interest lie sufficiently far from thelr respective vertices to be
congldered linsar.

-

A convenient chart (fig. 11) for determining maximum center
main-bearing loads is obtained from the curves of figure 10. Curves
of constant Indicated horsepowsr have been included for convenience.
The line OA represents an optimum combination of engine speed and
indicated mean effective pressure corresponding to the’ lowest value
of the maximum load on the center main bearing at-a given power level
It can be seen from figure 11 that this optimum combination does not
fall in a practicable operating region.

Generalized load charts for mean loads on center main bearing
with cranksheft A. - The mean load acting on the center maln bearing
is determined from a rectangular plot of load egainst crank angle
using a planimeter to obtain the average height of this curve. The
results of the dimensional treatment were again utilized to generalize
the mean-load analysis. In figure 12, W/p is shown plotted against

i} /p, wherz W %is the mean bearing load

LI

A useful chart (fig. 13) for dstermining mean center main-bearing
loads is obtained fraom the curves of figure 12. Constant 1ndicated
horsepower curves have been included for conveniencs.

Rubbing factor. - The "rubbing factor,” as defined in reference 4,
may be obtained from the value of the measn load from figure 12 for

and the equation

RF = 2.30 X 10°3(N W) . - (3)
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.

whers RF 1s the rubbing factor in foot-pounds per square inch-
gecond. The coefficient in this equation is based upon an effective
boaring length of 1.90 inoches. Although the rubbing factor is not
generally cons.dered a good criterion for the geverity of bearing
operating conditions, 1t 1s given for what it mey be worth.

Generalized load chartg for intermediste and end main bearings
with crankshaft A, - Maximum and mesan bvaring-load charts have been
prepared for the intermediate and the end main bearings (figs. 14
to 17) using the procedure employed in obtaining the charts for the
center main-bearing loads, Optimum meximum-load lines shown for
four campresaion ratios were 'included in figures 15 and 17 to permit
& comparigon with each other and with the mean-load curves and will
be discussed later in this report. '

The rubbing factors for the intermediate and the end main = _
bearings may be calculated from the following equation in which W
is the appropriate meen bearing load obtained from figures 15 to 17:

RF = 3.97 x 10™°(H¥ W) (4)
The coefficient in this equation 1s based upon an effective bearing
length of 1,10 inches. (All intermediate and end main bearings have
the game effective length.)
CHARTS FOR CENTER, INTERMEDIATE, AND END
MATN BEARINGS WITH CRANKSHAFT B =~

Crankshaft B is also symmetrical about the center main bearing
and has the following values of unbalanced force:

7

Malin bearing o B § 2 3 4 5 6 7
Force due to unbalanced 140° 140 140 280 140 140 140
crankshaft weight,
1b x 1076 N2 . ' '
Reference crankpin 1 2 5 3,4 4 a 6

Angle, 1n degrees, from the 180 240 240 180 120 120 180
reference crank-throw
center line to the line
connecting the center of
gravity of the unbalanced
force and the center of
rotatlion measured in the
direction of crankshaft
rotation

-
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Polar diagrams with respect to the engine axis for the take-
off conditilon are glven in figures 18 to 20: maximum and mean load
charts are presented in figures 21 to 26 for a compression ratio
of 6.65. ST

EFFECT OF ENGINE DIMENSIONS UPON MAIN-BEARING LOADS

Attempts to make the load charts applicablé to any in-line
engine have not been entirely successful. No simple method has been
found by which a change in the magnitude of the reciprocating and ;
rotating weights may be taken. into consideration by the application
of dimensional analysis. The main-bearing loads will not be influ-
enced by a change in the ratio of connscting-rod length to crank
throw in the range from 3 to 4, inasmuch as changes within this
range were found in reference 1 to have no measurable effect upon
crankpin bearing loads.

The compression ratio affects the shape of the indicator dlagram
and hence the gas force developed in the engine cylinder. The influ-
ence of compression ratio upon gas force during the exhaust stroks,
the intake stroke, and most of the compression stroke is quite small.
The compression ratic has a considerable effect upon the gas force,
howsver, during that portion of the expansion stroke when the piston
is near the top-center position. L

The compression ratio will influence the mean main-bearing load
very little, inasmuch as the compression ratic significantly affects
the gas force only during a small portion of the cycle and part of
this effect is compensatory. The mean-load diagrams shown in fig-
ures 13, 15, 17, 22, 24, and 26 are applicable for all values of
compresaion ratio from 5.50 to 8.50.

The maximum load acting on the center main bearing is not
affected by compression ratio because of the particulsr phasing of
events in the adjacent cylinders and therefore figure 11 is also
applicable for all compression ratios from 5.50 to 8.50.

The curves of figures 14 and 16 showing maximum loads for the
intermediate and the end main bearings with crankshaft A for a
compression ratio of 6.65 are supplemented by figures 27 and 28 for
compression ratios of 5.50, 7.50, and 8.50. Similar charts are not
given for crankshaft B bLt the approximate magnitude of the effect
of compression ratio may be obtained from a comparison of figures 14,
16, 23, 25, 27, and 28. The locations of the curves OA for optimum
combinations of speed and indicated mean effective pressure, for the
intermediste and the end main bearings, change with compression ratio.
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The OA curves for the four compregsion ratlos here considered have
been included in figures 15 and-17. It is evident that, as the
compression ratlio is increased, the optimum Indicated mean effective
pregsure for a given engine speed 1s lsss.,

DISCUSSION

The meximum and mean loads acting on the crankpin, blade, and
main bearings under a wide rauge of engine operating conditions for
the V-type engine hersin considered are summarlized in tables I and II.
For the bearing metals used none of the unit loads appear to be
excessive. Although the maximum load acting on the blade bearing is
considerably higher than corresponding loads on the other bsarings,
the high rate of load fluctuation enables thls besaring to operate
satisfactorlly. It is evident that the maximum load acting on the
center and the end main bearings is significantly reduced when crank-
shaft B 1s substituted for crankshaft A. The lvuaed acting on the
intermediate maln bearings, howaver, . ls greater with crankshaft B
than with crankshaft A except at very high speeds. The mean load
acting on all of the main bearings is lower with crankshaft B than
with crankshaft A.

From the charts of references 1 end 2 and this report, it is
evident that the crankpin, blade, and maein-bearing loads with crank-
shaft A are not significantly increased at values of indicatwd mean
effective pressure up to 200 pounds per sguare inch at 3000 rpm.

The end and center meln-bearing loads with crankshaft B do not vary
greatly with indicated mean effective pressure at a constant englne
speed; however, the lcads on the intermedlate main bearings incruase
rapidly with indicated mean effective pressure. Becausge it~ 1s
inadvisable to operate with closed throttle setting in a dive owing
to increased oil pumping under such conditicne, both crankshafte may
be operated at values of indicated mean effective pressure up to

200 pourids per square inch, unless difficulty is experienced with
the intermediate bearings of crankshaft B, in which case the ind’-
cated mean effective pressure should be held to an absolube minimum.

In this report and in references 1 and 2 an optimum combination
of engine speed and indicated mean effective pressure refers to one
for which the mean or maximum bearing load is a minlmum. Such a
combination is optimum only with regard to the mechanics of the prob-
lem, giving riss to a minimum unit load. 7From the conslderation of
hydrodynamic lubrication the load capacity of a bearing, as measured

(viscosity) (engine speed)
by the quentity "3 Vearing 1cad)

is a more important criter-

ion. Thus, if the viecosity is consildered conetant, the load capacity o
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of the bearing will vary as the ratio of engine speed to unit bearing
loaed. Minimum load and hydrodynemic optimums are given in table IIT

for the principal bearings of the V-type engine herein considered. A
The two series of maximum optimums are, in general, the same; whersas
the corresponding values of mean optimums alwaye differ. Although _
the values of optimums gilven in table ITT do not alwaye lie In the
practicable region of operation, this table may te used to ascertain
whether a shift of the operating conditions of the engine in the
direction of the optimum will be of beneflt to a bearing giving '
trouble. R

The foregoing analysis of mein-besring loads hes been carried
out in the conventional manner in which deflection of the crankshaft
and the crankcase 18 neglected. Such deflsctions are known to exlst
and might significéntly alter the distribution of load among the
several wain bcarings. An analytical determination of main-bearing
loads Including crankshaft and crankcese deflections is not practical
and experimentel investigations such as thcse described in refer-
ences 4 to 6 should be made. So little work of this nature has been
published that & rational determination of the distrlbutlon of in-line
engine main-bearing loads cannot be made. _ o e

CCNCLUSIONS

From a serles of computations using the dimensional-analysis
method of analyzing the main-bearing loads of a V-type in-line alr-
craft engine the followlng conclusions are drawn:

For V-type engines:

1. Minimum load-optimum combinations of engine speed and indi-
cated mean effective pressure exlst for which the mean and maximum o
main-tearing loads are minimums for a glven power output. T T

2. Hydrodynamlc-optimum combinations of engine speed and indl-
cated mean effective pressure exlst for which the ratio of englne
speed to woan or maximum unit bearing load is a meximum for a given
power output. The hydrodynamic and minimum-load optimums are
generally the same for maximum loads, whereas the corresponding
values for mean loads differ. - = -

3. The meximum and mean center main-bearing loads are inde-
pendent of compression ratio, whersas the maximum intermediate and
end mein-bsaring loads vary dlrectly with compression ratio for a R
given engine speed and indicated mean effective pressure. The
Intermediate_and end main-bearing mean loads are independent of _ o
compression ratlo. e —

—
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4. The ratlo of connecting-rcd length to crank thiow does not-
appreciably influence the mean or maximum maln-bearing loads.

For the production V-type engine herein consldered:

1. The combinations of engine epeed and indicated mean effec-
tive pressure corresnonding to optimum values of both mean and
maximum main-bearing loads do not always lie In a practlcable
overating region.

2. With regard to crankpin blade and main bearings, both the
low-gpeed and the high-speed crankshafts mey be operated at values
of indicatsd mean effectlve pressure up to 200 pounds per square Iinch
in a dive unless difficulty is experienced with the intermediate
bearings of the high-speed shaft, in which case the indicated mean
effective pregsure sihould be held to an absolute minimum. )

Alrcraft Engine Regearch Laboratory,
Natlonal Advisory Committee for Aeronautics,
Cleveland, Ohlo. June 21, 1946.
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APPENDIX - SPECIFICATICONS OF A PRODUCTION

12-CYLINDER, V-TYPE ENGINE

Number of cylinders . . . . + . . . A ]

Arrargement of cylinders . . . Two blocks at an angle of 60°

Method of numbering cylinders from
antipropeller end, buth blocks . . . . . . . .1, 2, 3, 4, 5, 6
Firing order . . . . &« + « 4 + « « . .11, 2R, 5L, 4R, 3L, 1R,
6L, SR, 2L, 3R, 4L, 6R
Direction of crankshaft rotation, '

viewing antipropeller end . . . - + « « « « .+ . Counterclockwise
Bore, in. .-, . . . . O I St
Stroke, in. . . . I S ¢ ¢
Plston area, sg in . e B T - T 4
Engine speed at take-off, rpm C e e e e e e e e e e s e e . 3000
imep at take-off, 1b/eq #n. + . « + . « « . ¢ o 4 4 4 a7 . . 242
bmep at take-off, 1b/sq In. . . . . . . ¢ .« . . . 4 . . . . 186
Manifold pressure at take-off, in. Hg absolute . . . . . . . . 52
Assumed mechanical efficiency at teke-off,’ perbent B i
Compression ratioc . . ., v . « ¢ 4 v 4 ¢« ¢ ¢« + & v s 2 « . . . B6.65
Fork-rod length, In. . . . . . . ¢« + « + « + +« « « « « .+ . 10.00
Blade-rod length, in. . . . « + s+« .+ « . 10.00
Ratio of connecting-rod lensth to crank throw - T

Spark advence, deg B.T.C.

Tntake + v v 4 v 4 v a e e e w e e e e e e e e e e e e . 28T

Exhaust . . . . . ¢ v 4 0 0t e e e s e e e e e s e e e . . 34
Valve timing:
Intake valve open, deg B.T.C. « +« + ¢« « &« & + o « & + o« o« » « 48
Intake valve closed, deg A.B.C. . . . . T < 7=
Exhaust valve open, deg B.B.C. . . . . . « ¢« . ¢« + « ¢« . . . T8
Exhaust valve closed, deg B.T.C. . + « « v v v « o0 « + . « 26
Blade bearing: . o
Diameter, in. . . . . e
Effective length, in Ve e e e e « e s e s e 4 e s« o 0.93
Projected area, s8g In. . . . . . . . o o000 e .. ... 3,44
Crankpin bearing: . B
Diameter, in. . . . M ¢ ¢
Effective length, in Pl gy = .
Projected area, 8¢ In. . . . « + 4+ 4 4 s 4 v e s . . . . . 5.8
Center main bearing:
Diamweter, IM. v + o ¢« + v o 2 o « v o t 4 o v s v e v e . . B.T5
Effective length, in. . . + + « + v « ¢« 4+ 4 ¢« « + ¢ v « + « 1,90

Projected area, 8g in. . . . . . . . 4000 .. e T2
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Intermediate and end main bearings
Diameter, in. . . e e e e e e e e e e e Ty e T
Effective length, in e e e e e e e e e e e e e e e
Projected arsa, sgq in. . . . Gl e e e e e
Reciprocating and rotating weights '
Weight of piston assembly, 1b . . . s e e ey s
Average weight of upper end of blade or fork rod, 1b
Reciprocating weight per cylinder, 1b . . . . . . . .
Welght of crankpin bearing, b . . . . . . + « « .+ .
Weight of lower end of fork rod, 1 . . . . . . .
Welght of lower end of blade rod, 1b . e e e e e e
Rotating weight per crankpin, 1b . . , . . « « 4 « « 4 &

R

N WO Ul

1206

.75
.10
4.13

.31
4L
.72
.2l
.10
.80
.81
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TABLE T - REPRESENTATIVE VALUES OF CRANEPIN, BLADE, AND MATN MAXIMOM UNIT

" BEARING LOADS! FROM THE CHARTS OF REFERENCES 1 AND 2 AND THIS REPORT

Pover condition
_ i1 {2 135 74 j5 |6 718 1]s
: - ; }
Engine speed, rpm 3000] 3300 3600( 3000 | 3000} 3000 | 3000| 3000} 3000
imep, 1b/sq in. 2471 242} 2427 182 303| 363 242] 242) 242
Indicated horsepower 157011720}11880| 117011960 23501 1570| 157011570
Compression retio 6.65|6.6516.65/6.6516.65|6.6515.50( 7,50(8.50
Crankpin bearing 2670 (31203610 25403300 4320 | 2640 2770]5320
Blade bearing 4700142501 364012920 16460 8230 3160{ 545015960
Center main bearing with crankshaft A 2010123602760! 1950 {20601 2140{2010| 201012010
Intermediate main bearing with crankshaft A (3010{3380(3870| 2730|3500 £140|2920] 3260|3530
End msin bearing with crankshaft A 26001 30701 355012480 | 2740| 26800 2620{ 2620 | 2500
Center main bearing with crankshaft B 1660{1810|226C 158011740 18201660; 16601660
Intermedlate main bearing wlth crankshaft B |3330]3425]3500|2460 13860} 4650 «wwml rumnl —uua
End mwein bearing with crankshaft B 1830|1800} 2070|1453 12610} 3290 | ==~~f == | =~ ==

AThe unit loads in 1b/eq in. ave based upon the following values of bearing
Projected area

Bearing

Crankpin

Blade

Center main .
Intermediate and end main .

- (8q in.)

5.81
3.44

7.12

4£.13

National Advisory Committee

arca:

for Aeronantics

02T "ON NL VOVN




TAFLE -TT ~ REPFESENTATIVE VALUES OF CRANKPIN, BLADE, AND MATN MEAN UNIT

BEARING LOADS' FROM THE CHARTS OF REFERENCES 1 AND 2 AND THIS REPORT

Power condltion

1 |2 1314 |5 |67 I8 19

Engine speed, 1pm
imep, 1b/sq in.
Indicated horsepower
Compression ratlo

3000|3300 | 3600] 3000 3000 | 30C0] 3000 | 3000 | 3C00
2421 242| 242{ 182| 303| 363 242) 242| 242
15701172011880]1170| 1960 |2350| 1570 [1570|157C
6.6516.65]6,65{6.65(6.65|6.65{5.5017.50]3.50

Crenkpin bsaring
Blade bearing

203042320 | 2660|1910 21.70 |2300] 2030 |2030 | 2030
173011940 | 2200 1560{ 1920 {2060] 1730 [1730{1730

Center main bearing with cranksheft A
Intermediate main bearing with crankshaft A
End maein bearing with crankashaft A

1350] 1660 | 2020 {1410} 1450 |1600{ 1350 |1350 | 1350
21004 2300{2680}1890 2330 |25680] 2100 |2100 {2100
20501 2420|5110 | 2000] 2080 |21.20{ 2050 2050 | 2000

Center main bearing with crankshaft B
Intermediate main bsaring with crenkshaft B
End. maln besring with crankshaft B

110041330 ;158010901210 [1350} 1100 [1100111.00
1640]17701920 (13801910 2410} 1640 {1640 {1640

124011400 }1570]1120{1380 {1510{ 1240 |1240{1240

1The unit loads in lb/aq in. are based upon the following values of bearing area:

Boaring~

Crankpin
Blade
Center main

TIntermediate and end main

Proclected aresa
(sq in.)

5.81
5.44
7.12
4.13

National Advisory Committee
for Aeronautics
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TABLE IIT - TABIE OF OPTIMUM OPERATING CONDITIONS FOR THE

PRINCIPAL BEARINGS OF THE V-TYPE ENGINE CONSIDERED

IN FEFERENCES 1 AND ¢ AND THIS REPORT

NZ/p

crankshaft B

Compres - :
Bearing sion Minimum-load optimum| Eydrodynemic optimum
ratio For maxi-|For mean | For maxi-| For mean
mum load |load mum load | load
ICrankpin 5.50 28,000 6,50C 28,000 13,500
6.65 34,000 6,500 34,000 13,500
7.50 32,000 6,500 239,000 13,500
8.50 43,500 6,500 43,500 13,500
[Blade 5.50 47,500 12,500 47,500 25,700
6.85 £4,000 12,500 54,000 25,700
7.50 60,000 12,500 60,000 25,700
8.50 67,000 12,500 67,GC00 25,700
Center main with F.SO-B.SO 16,500 22,500 14,500 27,500
crankshaft A
Intermediate main} 5.50 22,500 20,000 22,500 30,000
with crankshaft &} 6.65 26,000 20,000 26,000 30,000
7.50 27,000 20 000 27,000 30,000
8.50 29,000 20,000 29,000 30.000
End main with 5.50 18,000 ‘ 15,000 18,000 17,500
crankshaft A 6.65 23,000 15,000 23,000 17,500
; 7.50 25,500 15,000 25,500 17,500
8.50 29,000 15,000 29,000 17,500
Center main with 6.685 15,000 27,500 15,000 32,500
crankshaft B -
Intermediate maini 6.65 33,500 35,000 33,500 50,000
with crankshaft B
End mein with 6.65 42,500 20,000 42,500 25,000

National Advisory Committee
for Aeronautics
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Gamkxwehht

Qil-inlet holes

(a) Crankshaft A,

Figure ). -~ Photographs showing two types of crankshafts for a [2-cylinder,

vV-type engine.
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Torsional-vibration damper Gounterwoights Crankpin oil plug
Main-baaring oil plug
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Ib) Crankshaft B.

Figure |. - Concluded.
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Figure 2. - Schematic diagram of mechanism of I2-cylinder
V-type engine.
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NACA TN No. 1206 ' Fig.
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Figure 4, - Representative vector addition necessary to ob-
tain the polar diagram of the load acting upon the center
main bearing of 2 V=-type engine with crankshaft A.
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Indicated crank-angte degrees are for main bearing 2; add 240°,
600°, and 360° in the direction of rotation for main bearings 8, 5,
and 6 respectively.

(a) Engine speed, 3000 rpm; indicated mean effective
pressures, 182, 242, 303, and 363 pounds per
square inch.

Figure 5. - Polar diagrams showing the magnitude of the re-
sultant force on the center main bearing of V-type engine
with crankshaft A and its direction with respect to the
engine axis at different power conditions.
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{a) Engine speed, 3000 rpm; indicated mean effective pres-
sures, 2%2 and 363 pounds per square inch,

Figure 7. = Polar diagrams showing the magnitude of the re-
. sultant force on intermediate main bearings 2, 3, 5, and
6 of a V-type engine with crankshaft A and its direction
with respect to the engine axis at different power con-
ditions, :
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Flgure 9. - Polar diagrams showing the magnitude of the re-

sultant force on end main bearings | and 7 of a V-type
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the engine axis at different power conditions.
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Figure 17. = Mean load on end main bearings 1 and 7 of a production, V-type engine with
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Figure 18. - Polar diagram showing the magnitude of the re-
sultant force on the center main bearing of a production,
V-type engine with crankshaft B and its direction with
respect to the engine axis. Engine speed, 3000 rpm; indi-
cated mean effective pressure, 242 pounds per square inch.
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Figure 19, - pPolar diagram showing the magnitude of the re-
Sultant force on intermediate main bearing 2 of a produc-
tion, V-type engine with crankshaft B and its direction
with respect to the engine axis. Engine speed, 3000 rpm;
indicated mean effective pressure, 242 pounds per square
inch, '
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Figure 20, - Polar diagram showing the magnitude of the re-

sultant force on end main bearing | of a production, V=-type
engine with crankshaft 8 and its direction with respect to
the engine axis. Engine speed, 3000 rpm; indicated mean
effective pressure, 242 pounds per square inch.
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Figure 23. = Maximum load on intermediate main bearings 2, 3, 5, and 6 of a production, .
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Pigure 28. - Maximum load on end maln bearings 1 and 7 of a production, V-type engine
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at various compression ratios. (Constant maximum-loed curves.) Effective bearing area,
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(e¢) Compression ratio, 8.50.
Plgure 28. - Coneluded,



